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SUMMARY 

organism to survive mtracellula, kilfcg ^^JJ^^i^S^JSfcm tyUraOo* (Mr) ^ gene (Alt 
(strain GUH-2) was cloned from a , JSSibS Ma io* «» sequenced and nucleotide sequence 
lei) as a probe. The promoter : region and ^^tfS iS B eS also shares considerable sequence homology -wsth 
comparisons reveal 77% homology *ah ** ™° ^J^utnce, important for meUl binding indicate 

of other mycobacterial spedcilrad^o^ 

toat Mn'* is the preferred metal »o« ^^^^^Sv^ which showed SOD activity *hen 
control of the Mr hs P 70 promoter « P Y6013). ^ u ^ a ^P* S^^tibody specific for Na SOD by Western 
Stained to a native polyacrylarnide gel ^^^ri,! sadAB mutant deficient in SOD 



UTOODUCTION 

Potariia aneroid* (No) catt cause infections in 
humans that involve multiple orgs* systems (Beaman 
and Beaman. 1W4). The severity cf these infections are 
more pronounced in immunocompromised Individuate, 
such « those with AIDS. The pathogenic Ata actively 
provoke host defenses, but depending on the strain, are 
highly rcsismnt to killing by phagocytic cells (Beaman 
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and Beaman, 1990. 1994). The inability of macrophages 
and PMNs to readily destroy Na oaa be attributed to the 
antioxidant defense system of the organism ( Bea »* n 
ei aL 1985; Beaman and Beaman. 1990; 1994). 
Superoxide dismutase (SOD) is an essentia) dement of 
this derense system (Cariior and Toviati, 1986; Fndovich. 
1986; Hassett and Cohen, 1989). 

SOD is a metalloerrtyme thai scavenges superowde 
radicals thai can lead to oxygen toxicity for the organism 

tauten GUH-2. «w«M« patHos«nic «I»IK fcpTO. beat- 
hook « poo: kb. Ktob«*« Of 1000 bp: Mr. Mfcoh^M 

opto ieadii.8 fr»mc; p. plumi* PA. l*""^* 
.L, rwotfon: PMK pelymerphor.ud E « wunopWL KBS. nboi^B- 
bimlinj ,1,1,); re-. recombinant: SOS. *>«*« do4**l wife* SOD. 
, VP er»id> dtamvtesew: »o* ^ fne«««8 SOD! tAA^ wan* uo« 

CI Ueootei plM«io>esm«r uvt. 
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resdUin deconversion of superoxide radios produced 
TZ ^dative metabolic bur* of phagocytes »HA 

Sraleot Ato OUH-2 itrtin secretes »n unique SOD thai 

Svfty, to vivo experiments demonstrated that this 
25£ puyed a critical role i- marital 
K S the murine host (Bea.nan and Bs« 
19N? Undemanding tbc regulation and «P'«*™ « 
ISmay offer insights ioio the molecular mechanisms of 

GUH-2 and its sequence analyst Expression «f*to ««« 
•Afunctional assessment of N* SOP in E,^HcW* col. 
«ii also perfonned- 

EXTEMMENTALAND discussion 

(al Cloning and Analysis oTNa lod 
W Si of 10' clones from a XEMBIJ genomic 
library from GUH-2 repealed ten X (Jones. 1AC19 5 was 
LleSd for further subclonlng. The jl-Mi*- 
fragment. designated pACl55, was shown to hytmdiw 
exclusively to a »P-labeled plasmid encoding the full- 
length Aft 50i Mr strain H37Rv that was kindly proY.ded 
by Dr. Douglas Young of the Medics! Research Counal, 
Tuberculosis and Related Infection* UMt, RFMS 
(London, UK). The Mi ioi done consisted of a 1.1-1* 
BcoW-Kwil fragment cloned into tUCl9 (Zhang et al, 
1991). By additional Southern Mac analysis, Na sod was 
localized on a 1.3*b /Un7l 8 fragment from nAC151 This 
frument was cloned into the plasmid vector pSP73 and 
designated P AC1500. A portion of P AC1500 was then 
sequenced. The complete oi sequence and derived aa 
translation or Na sod is shown in Fig- 1- 

The coding sequence for Sa *k, from the proposed 
start codon (GTG) to the stop codon (TAA), extends 02* 
nt (nt 112 to 735). The predicted ORF encodes a 207-aa 
protein (24865 Da). This corresponds to ibe previous 
result (Beaman et aU 1983) that the aubunil mass is 
25 V Da. The 5' upstream wgion from nt 1 to 111 does 
not suggest a 5' leader sequence ("almadge ct aU IMO, 
Hirst and Welch, 1988) nor a typ cal £. coif consensus 
promoter region (Harley and Reynolds, 1987); however, 
a puuuWe RBS-like sequence Is located 8 bp from the 
predicted start codon at M 1 12 to 1 14 (Fig. 1). The high 
G+C ralio or Ate .wd is consistent with the G + C ratio 
«f the genus NoL-artlla (64-72%) (Beaman and Beaman. 
1 994 1. 

Previous results by Beaman el nl. (1983) indicated thai 
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L"U by a. air.-. The «UJ»<«4 >"P i, "^ A ^£Z!£Z 

Su,«d 3» iaftctioo. Genomic DNA «« mracied u 

GUH-3 wa* inoculuul into I am botoei BH1 from • ««« 
«luir.. AJter » h ia«.b.rioo at JVC *ilh Mraitoa, ^^i"** 
add- ^-STS-HQ 

SloSra K war. perlb«-d e, ^^^^ 

USA) aaonili.8 to *« oinulkdtrtrt irttntaUan*. In vhro P***B"8 
(P^k^PrU^ of rceambtoani X DNA wa perform- u«n* 

(Saoicr aU »»77) mrthod win* tb* Sc*»e»ai» kn (US Blocfacmi- 
iTSvciaad, OH. USA) and [a-»S]«AT? I^ata AiUnpo« 
Mo'ihts, IL. USA) aooerdin, u, .he ^J.'f 
^Baok ae««io. No. for ,W p/esenurf to rtil report U U0134J. 

Na SOD bound Mn, Fe and 2n in equlrnolar amounts 
its tcsied by atomic absorption. Parker and Blake (198b) 
propowd specific aa that eould be used to «>'«f» n "«« 
MnSOD from FeSOD. In particular, aa 76. 77, 79, 83. 
84, K7, 1 54 and 1 55 (a* indicated by underlining In Fig. t ) 
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arc couriered the most likely aa for conferring ihe distin- 
guishing Pities. Based on * "ftftS 
Flfr I. *«e » correspond to 78. 79, 81, 85, *J*>W 
wS l$4. respectively, as proposed far Parke; : «d Btate 
119881 Na SOD matched the tfn diss of SODs for all 
i except 84 and 153, which strongest* 
inferred metal ligaad is Mb (Fig. 1 ). Also, the aa specifi- 
cally designated as Ugands to the meMl cofaclOfs are con- 
served for No SOD (data not shown). 

(b) Comparative aBgnment of **fg*»« 

Nacleotlde sequence cpm|»ri«oo* waoa GAP in ecu 

(Devereux « aL 1984) between No serf and Upra*. 
human (mitochondria. Mn). S. coll f4n and I ft wd (genes 
Sed similarities of 76.6, 75.3, S7.4, 54* and 49.9%. 
respectively (data notshowD). Comparative coding 
alignments of No SOD *ilb Aft »f. kpr*. 
human MnSOD. £. coH MnSOD «» FeSOD revealed 
aa homologies of 86, 87. 69, 60 and 55V. ■ -Jg^J* 
wing the GeneWorks program (IntelhGenehcs, 
Mountain View, CA, USA) (data Ml ^own^here are 
4 major invariant regions (as indicated by boldface in 
Fig. I "i* S-* *»)• 

(e) Synthesis nod funcrioBal «iivity si N* SOD w £. »R 
The coding sequence of No sod was PCR amplified, 
cloned between the Ncol and EcoRl sites of the prokary- 
ctic expression vector pY60l3 sod designated pYEXl. 
This directed Na sod to be Juxtaposed to the hspTO 
promoter allowing a single tranieript to be formed. 
Cell lysates from several transforming were screened for 
functional SOD activity. Plasroid DNA from one 
selected done. P YEX12 (pYEXl in XL1 host strain), that 
showed activity (data not shown) was subsequently trans- 
formed into the double todA sodB muunt E. colt strain 
QC779 (A(ar^-»«)169. X", V(pJ*k**l*2. rpsl.179, 
iodX25:MuPR13. W(nnD-rmE)l\ (Carlior and Touati, 
1986). Of the ten clones screened for functional activity, 
all were positive. The SOD acti'/ity gel for pYEXl25 
{QC779 [pYEXI] strain) is shown in Fig. 2. The SOD 
from both the purified Mo and Fe E. eoli SOD migrated 
at an *, or 0.1 and 0.28 (Ar valu* relative to the well), 
respectively (lane 1), white both the Na cytoplasmic 
extract Na SOD and the re-tfa SOD migrated at an Rf 
of 0.33 (lanes 2, 5 and 6). The sod* parent strain of 
QC779. GC4468 (Carlio* and Touati, 1986). migrated at 
an R, of 0.28 (lanes 3 and 8). Of the wo positive trans- 
formanu (pYEXl25 and pYEXi.26: QC779 [pYEXl] 
host strain) thai were soreened for complementation of 
the double mutani in a paraquat growth assay, both 
showed enhanced growth over that of QC779 (fodA, 
sodB) containing pY60l3 only »lth 0.05 mM paraquat 
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apU. »wi6 m ^^^rtS. mo wK? 

iZm+a * »ff Utn tad ft SOP: Stpfll, «■ Lou* MV, v**h *• 
^LJ^TZJdl^ *. P Vfi0» M ***** ***** 

S?Sl«la«(l mi. u 5J-C) tad «iea (1 « 71«C) «h 
ThU «p^*aw«"* (PVEXI) *« uawtonari m» £. 

SIX«d«. (ioo w/oj) »«^ T ^^ , ;"7 l c 

K^ct^l for Wi SOD produrtiea m« M«faa ey «^"»^ a ^ 

t^^cT^ m m way gu-j b™» 

1.S ml o«cr»tbt culnw thil «« i-iupeadut m MS ml TE. A SOD 

PA gcU «r« wod, innrrfnmttd for only 10 «a ^i* 66 *^ 
pVe^n drwmtouioM *«. paifotmtd o« all «wie»w (Bw»i4 OC 
S S^R^. K««* CA. USAV pYEXl w» deeper- 
lud into QCTM (.flrfA soim u*ing f«nd..4 i»elh^» (Ausubd <i aL 
,S ptd«ieg de« PY6X125 PYEXII^ C««el vwwr 
w abo dcewperwi (Owe Nl«», Blo-R*4) to» QC779 and 
QC4468, 

and without (Fig. 3). The parent strain. OC4468, was not 
affected by paraquat. 

(d) Immmoblotrtng _„ 
Coomassie blue staining of a 0.1% SDS-12% PAGE 
performed on P YEX125 sonicate did not result in a dis- 
cernible 25-kDa band (dats not shown). However, when 
immunoblottlng was performed on this sample, as well 
ai Na cytoplasmic extract using a purified polyclonal Ab 
to Na SOD, both showed reactivity while the controls. 
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Pit j. O.mplemcnnuw .irty* Of pm,u« ftwhiviiy Ate SOD 
prtloe** h QCW. CteiUd lines d«o« iipM^ 

to OOS mM psnqtui. pYSXiU »« *»«'« f« oher ""f^ 1 by 
nnraimoWonlnj. 

QC779[ P Y6013] find OC4468[pY6313], were negative 
(Fig- 4). 

(e) Conclusions 

[/) We have cloned a full-length sod from a pathogenic 
strain of No strain in a re-phage library using 

Mi sod a* probe. 

(J) The structural swf fc*ne (6W bp) of Na GUH-2 
reveals 77% ni sequence homology and Mt4 aa sequence 
homology with the Mr tod. % 

(3) For the 5' upstream region oi Na sod, there is no 
evidence or a 5' leader sequence, r.or a typical E. coli 
consensus promoter region, however, a putative RBS and 
a start codon were found by comparison with the known 
Mt sod Sequence. 

(4) The No rod gene also shares considerable sequence 
homology with the sod genes of other aerobic actinomy- 
cetesi however, conserved aa sequences important for 
metal binding suggest that Mn is ths preferred metaJ ion 
tigand for No SOD. 

(5) The No SOD expression pliismid pYBXl. when 
ixansformed into E. eolL was able to stimulate growth of 
the $od double mutant deficient in SOD production in 
ihe presence of paraquat a stimulant of superoxide 
radicals production. 

10) Expression of an No sad in £. toli produced a 
2S-kDa protein product thai reacted with rabbit poly- 
clonal Ah to purified Na SOD by Western blot. This 
product was a functional SOD a* ihown by »n activity 
gel 



25kDa ♦ 




PI* 4. Western blot «Mly* e/ * SOX> product b* 
aJ™*. 5-110 w Pfweta wai UwUd per Um. Lw* V 

wis trtutan* trie* the Trw*-blal SD Sam^ te^ertoc 
M Cefl (Bl©-R*d) .c-ording to** 

to Pf oBlOt {Applied M ~ °* ^^iSSS 

caps pn xi <Hcydeh«yi»nriaoJ-i '^T^^ jftEKS 
methanol Immuaobtouing wu then petfomed uw| the Pro»«^- 

SOD (Besmse et aU 1985). diluted le 3ftg/mt m TN-mflk be** 

L Ab wm »« »iiti>rtbtt IgO guested IP hOistnAA P«°***" 
tfJba Sdeatft Pittfbw. PA, USA) di>at«d >:100o ia W~ak tab. 
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